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(54) Distributed capacity based channel assignment for communication systems

(57) Apparatuses and methods for providing distrib-
uted capacity based channel assignment in a radio fre-
quency base station servicing a local area. A method
comprises: determining that an additional channel is
needed, receiving reports from user equipment connect-
ed to the base station over the air interface indicating the
gain in capacity due to the added channel, adding the
new channel; receiving loss reports from one or more
neighboring base stations indicating the loss in capacity

and the interference caused to user equipments serviced
by the neighboring base stations due to the use of the
new channel; comparing the gain in capacity to the loss
of capacity by the worst user connected to the neighbor-
ing base stations due to the added channel; and deter-
mining whether to continue to add the channel to increase
capacity. Apparatuses for base stations implementing
the embodiments are also disclosed.
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Description

TECHNICAL FIELD

[0001] The present invention is directed, in general, to
communication systems and, more particularly, to appa-
ratuses and methods for providing additional capacity for
local area communications over an air interface such as
may be used with radio frequency communication sys-
tems.

BACKGROUND

[0002] As wireless communication systems such as
cellular telephone, satellite, and microwave communica-
tion systems become more widely deployed and continue
to attract a growing number of users, there is a pressing
need to accommodate a large and variable number of
communication subsystems transmitting a growing vol-
ume of data with a fixed resource such as a fixed channel
bandwidth accommodating a fixed data packet size. Tra-
ditional communication system designs employing a
fixed resource, e.g., a fixed data rate for each user have
become challenged to provide high, but flexible, data
transmission rates in view of the rapidly growing custom-
er base.
[0003] Current systems implement wireless communi-
cations using standard protocols including Universal Mo-
bile Telecommunications System ("UMTS"), UMTS Ter-
restrial Radio Access Network ("UTRAN"), and third gen-
eration wireless ("3G") now extending to advanced
standards including, for example, fourth generation wire-
less ("4G") and Wideband Code Division Multiple Access
("WCDMA") which support HSDPA communications be-
tween mobile equipment. The mobile equipment includes
user equipment ("UE") such as cell phones, and fixed
transceivers that support mobile telephone cells, such
as base stations, referred to as "Node B" (or "NB") and
when enhanced, or evolved to a new standard protocol,
referred to as "e-Node B"(or "eNB").
[0004] The Third Generation Partnership Project Long
Term Evolution ("3GPP LTE") is the name generally used
to describe an ongoing effort across the industry to im-
prove UMTS. The improvements are being made to cope
with continuing new requirements and the growing base
of users. Goals of this broadly based project include im-
proving communication efficiency, lowering costs, im-
proving services, making use of new spectrum opportu-
nities, and achieving better integration with other open
standards and backwards compatibility with some exist-
ing infrastructure that is compliant with earlier standards.
Recently, the deployment of systems is extending to
"LTE-Advanced" as additional bandwidth and features
are added.
[0005] UTRAN includes multiple Radio Network Sub-
systems ("RNS"), each of which contains at least one
Radio Network Controller ("RNC"). However, it should
be noted that the RNC may not be present in the actual

future implemented systems incorporating Long Term
Evolution ("LTE") of UTRAN, evolved UTRAN ("E-
UTRAN"). LTE may include a centralized or decentral-
ized entity for control information. In UTRAN operation,
each RNC may be connected to multiple Node Bs which
are the UMTS counterparts to Global System for Mobile
Communications ("GSM") base stations. In E-UTRAN
systems, the e-Node B is, or may be, connected directly
to the access gateway ("aGW," sometimes referred to as
the services gateway "sGW"). Each Node B may be in
radio contact with multiple UE devices (generally, user
equipment including mobile transceivers or cellular
phones, although other devices such as fixed cellular
phones, mobile web browsers, tablets, ebook readers,
navigation systems, laptops, PDAs, MP3 players, and
gaming devices with transceivers may also be UE) via
the radio air interface.
[0006] The wireless communication systems as de-
scribed herein are applicable to, for instance, 3G, and
UTRAN systems. In the future, 3GPP LTE and LTE-A
compatible wireless communication systems will be im-
plemented. In general, E-UTRAN resources are as-
signed by the network to one or more UE devices by use
of various resource allocation means, or more generally
by use of a downlink resource assignment channel or
physical downlink control channel ("PDCCH"). LTE is a
packet-based system and, therefore, there may not be a
dedicated connection reserved for communication be-
tween a UE and the network. Users are generally sched-
uled on a shared channel every transmission time interval
("TTI") by a Node B or an e-Node B. A Node B or an e-
Node B controls the communications between user
equipment terminals in a cell served by the Node B or e-
Node B. In general, one Node B or e-Node B serves each
cell. Resources needed for data transfer are assigned
either as one time assignments or in a persistent/semi-
static way. The LTE, also referred to as 4G, generally
supports a large number of users per cell with quasi-
instantaneous access to radio resources in the active
state.
[0007] The continuing need for additional spectrum/
bandwidth is being addressed in various ways. In one
approach to adding broadband spectrum, additional
base stations for communications with user equipment
are deployed. These may include so-called "femto-cells"
or "Home enhanced Node B" stations, sometimes called
"HeNBs". A HeNB may provide wireless interface to user
equipment in a home, office, restaurant or other space
where the users may share the resource. The user equip-
ment devices may include cellular phones, PDAs, tablet
computers, laptop computers, portable or fixed devices
such as web browsers, audio players, video players and
others. The area serviced by a femtocell or HeNB may
be, for example, limited to 30 to 50 meters in radius. The
advantages of deploying these base stations is that the
users may experience excellent signal quality in the
home or office, reducing or eliminating the need for wired
telephones for example, and making it possible to rely
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on a cellular phone in buildings where previously, signal
strength and reception were not sufficient. Additional
bandwidth is also provided for the system, reducing the
need for the eNB base station in the area to provide all
of the wireless service. It is also envisioned that user
equipment ("UE") can act as a HeNB.
[0008] One aspect of HeNB deployment is that, in con-
trast to the deployment of system managed base sta-
tions, the placement of new HeNBs is uncoordinated and
may be performed by users. The HeNBs may be placed
in very close physical proximity, such as installed in
homes adjacent one another, in offices, apartments,
townhomes and the like. A particular user equipment may
therefore often be physically closer to a neighboring
HeNB than the HeNB the user device is in cellular com-
munication with, and interference between the HeNB
cells will occur.
[0009] Multiple uncoordinated deployed HeNBs may
operate on the same frequency band. Some of these
networks may provide services not available from other
HeNBs. The HeNBs and users may utilize closed sub-
scriber groups ("CSGs"). A user interested in using these
services may be physically closer to, or in better signaling
receiving condition with, an interfering HeNB, instead of
the HeNB of interest.
[0010] Typically, a frequency band has multiple chan-
nels and the HeNB operates on one of these channels.
Ideally, HeNBs causing strong interference to one anoth-
er are placed on different channels. There are several
known approaches to the interference problem. In one
distributed approach, HeNBs try to maximize the path
loss to other HeNBs sharing the same frequency chan-
nel. In an alternative approach, a centralized scheme is
known where the HeNBs report measurements to a net-
work node, and the network node then assigns the chan-
nels in a manner that will reduce interference between
HeNBs.
[0011] If an HeNB could utilize carrier aggregation,
then additional capacity could be accessed by an HeNB.
However, present releases of known standards do not
contemplate carrier aggregation for HeNBs, for example
Release 10 of the LTE standard does not allow carrier
aggregation for HeNBs. Thus far, the interference coor-
dination schemes in the known standard approaches
have been limited to coordinate the interference with co-
channel deployments of macro-cells.
[0012] An approach to address the interference that
has been previously described in "Interference Manage-
ment in Local Area Environments for LTE-Advanced,"
L.G.U. Garcia, K.I. Pedersen, and P.E. Mogensen, IEEE
Communications Magazine, Vol. 47 (9):110-116, Sep-
tember 2009, which is hereby incorporated herein by ref-
erence in its entirety; as an autonomous component car-
rier selection scheme ("ACCS"). In this scheme, dynamic
frequency reuse mechanisms are used. Each HeNB se-
lects a subset of available component carriers in a dis-
tributed manner. The HeNBs also learn the environment
using signal to interference plus noise ("SINR") estimates

provided by active user equipment. The UEs measure
the downlink received signals (from HeNB to UE) as part
of normal system operations and these estimates may
be collected. Based on long term statistics collected,
SINR values are determined for all neighboring cells
which can be considered as potential interferers. The pro-
posed ACCS scheme also has the HeNBs or the network
storing the environment information, for example, in
background information matrices ("BIM") which are used
later in the channel selection decision process.
[0013] In the ACCS scheme, it is proposed that each
HeNB will maintain a list of potentially interfering cells.
Also, the eNB measurements are aggregated into a table
form; for example, an inter-cell radio resource allocation
table ("RRAT"). This table contains information regarding
which component carriers are allocated as primary and
secondary carriers in the cells. Based on the information
stored in the BIMs and the RRAT, the HeNBs do carrier
selection in a distributed manner without violating the
minimum SINR conditions for surrounding cells. One of
the main assumptions in this prior scheme is the a priori
knowledge of minimum target SINR values for primary
and secondary carriers. These target SINR requirements
can be set, for example, by a network planning tool or by
the administering device such as an Operations and
Maintenance tool which controls the HeNBs. The ACCS
scheme is described also, for example, in a paper entitled
"Autonomous Component Carrier Selection for Local Ar-
ea Uncoordinated Deployment of LTE-Advanced,"
L.G.U. Garcia, K.I. Pedersen, and P.E. Mogensen, IEEE
Vehicular Technology Conference (VTC), Anchorage
Alaska, USA September 2009, which is hereby incorpo-
rated herein by reference in its entirety.
[0014] In future standards, such as future LTE-Ad-
vanced standards, it is foreseen that the use of carrier
aggregation will be supported for HeNBs. Further, it is
also clear that if the HeNBs are deployed with similar
density as for wireless hotspots ("Wi-Fi" access points)
then some interference management between deployed
HeNBs will be needed.
[0015] A need thus exists for systems and methods to
efficiently provide carrier aggregation and interference
management for local area base stations such as HeNBs
for cellular communications, without the disadvantages
of the known prior approaches.

SUMMARY OF THE INVENTION

[0016] These and other problems are generally solved
or circumvented, and technical advantages are generally
achieved, by advantageous embodiments of the present
invention which include an apparatus and methods for
providing the UE observed time difference measure-
ments needed for location services.
[0017] According to an illustrative embodiment, a
method comprises: determining in a base station servic-
ing a local area in an over the air interface for communi-
cations at a radio frequency that an additional channel
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is needed, receiving reports from user equipment con-
nected to the base station over the air interface indicating
the gain in capacity that would occur due to the added
channel, adding the new channel and communicating to
one or more user equipments over the new channel; re-
ceiving loss reports from one or more neighboring base
stations indicating the loss in capacity and the interfer-
ence caused to user equipments serviced by the neigh-
boring base stations due to the use of the new channel;
comparing the gain in capacity by the user equipments
connected to the base station to the loss of capacity by
the worst user connected to the neighboring base sta-
tions due to the added channel; and based on the com-
parison, determining whether to continue to add the
channel to increase capacity.
[0018] In another embodiment, an apparatus compris-
es: at least one processor; and at least one memory in-
cluding computer program code, the at least one memory
and the computer program code configured to, with the
at least one processor, cause the apparatus at least to
perform determining that an additional channel is needed
for a base station servicing user equipments over an air
interface in a local area, receiving reports from user
equipment connected to the base station over the air in-
terface indicating the gain in capacity that would occur
due to the added channel, adding the new channel and
communicating to one or more of the user equipments
over the new channel; receiving loss reports from one or
more neighboring base stations each servicing a local
area indicating the loss in capacity and the interference
caused to user equipments serviced by the neighboring
base stations due to the use of the new channel; com-
paring the gain in capacity by the user equipments con-
nected to the base station to the loss of capacity by the
worst user connected to the neighboring base stations
due to the use of the newly added channel; and based
on the comparison, determining whether to continue to
add the channel to increase capacity.
[0019] The foregoing has outlined rather broadly the
features and technical advantages of the present inven-
tion in order that the detailed description of the invention
that follows may be better understood. Additional fea-
tures and advantages of the invention will be described
hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the
art that the conception and specific embodiment dis-
closed may be readily utilized as a basis for modifying or
designing other structures or processes for carrying out
the same purposes of the present invention. It should
also be realized by those skilled in the art that such equiv-
alent constructions do not depart from the spirit and
scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] For a more complete understanding of the in-
vention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction

with the accompanying drawing, in which:

Figure 1 illustrates a communications system ac-
cording to an advantageous embodiment of the
present invention;
Figure 2 illustrates user equipment communicating
to an eNode B over an air interface, and an E-UTRAN
communications system according to an advanta-
geous embodiment of the present invention;
Figure 3 illustrates a block diagram of a communi-
cation terminal according to an advantageous em-
bodiment of the present invention;
Figure 4 illustrates an example illustrative system for
use with the embodiments;
Figure 5 illustrates a method embodiment in a flow
chart diagram;
Figure 6 illustrates a graph comparing user through-
put cumulative distribution function results obtained
using embodiments with other carrier allocation
schemes; and
Figure 7 illustrates a graph comparing mean
throughput results obtained using the embodiments
to other carrier allocation schemes.

DETAILED DESCRIPTION

[0021] Figure 1 illustrates in a system level diagram a
communication system including a wireless communica-
tion system that provides an environment for the appli-
cation of the principles of the present invention. Alterna-
tive or additional features not shown in Figure 1 for sim-
plicity include the possibility of an air interface for the X2
link and device to device communications by UEs in dif-
ferent cells or between UEs. In one example, a UE may
be configured to be a "master" device, allocating or add-
ing channels, and collecting loss reports. The wireless
communication system provides an E-UTRAN architec-
ture including base stations 3 providing E-UTRAN user
plane (packet data convergence protocol/radio link con-
trol/media access control/physical transport) and control
plane (radio resource control) protocol terminations di-
rected towards UEs 5. The base stations 3 are intercon-
nected with an X2 interface or communication link. The
base stations 3 are also connected by an S 1 interface
or communication link to an evolved packet core ("EPC")
including, for instance, a mobility management entity
("MME") and a user plane entity ("UPE") 1, which may
form an access gateway ("aGW’). The S1 interface sup-
ports a multiple entity relationship between the mobility
management entities/user plane entities and the base
stations and supports a functional split between the mo-
bility management entities and the user plane entities.
[0022] The base stations 3 may host functions such
as radio resource management, e.g., internet protocol
("IP"), header compression and encryption of user data
streams, ciphering of user data streams, radio bearer
control, radio admission control, connection mobility con-
trol, and dynamic allocation of resources to user equip-
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ment in both the uplink and the downlink, selection of a
mobility management entity at the user equipment at-
tachment, routing of user plane data towards the user
plane entity, scheduling and transmission of paging mes-
sages (originated from the mobility management entity
1), scheduling and transmission of broadcast information
(originated from the mobility management entity or op-
erations and maintenance), and measurement and re-
porting configuration for mobility and scheduling. The
mobility management entity/user plane entity 1 may host
functions such as distribution of paging messages to the
base stations, security control, terminating user plane
("U-plane") packets for paging reasons, switching of U-
plane for support of the user equipment mobility, idle state
mobility control, and system architecture evolution bear-
er control. The user equipment receives an allocation of
a group of information blocks from the base stations.
[0023] Figure 2 illustrates a simplified system level di-
agram of an example communication element of a com-
munication system that provides an environment and
structure for application of the principles of the present
invention. The communication element 7 may represent,
without limitation, an apparatus including a base station
or NB, UE such as a terminal or mobile station. The com-
munication element includes, at least, a processor 2,
memory 6 that stores programs and data of a temporary
or more permanent nature, an antenna, and a radio fre-
quency transceiver 4 coupled to the antenna and the
processor for bidirectional wireless communication. Oth-
er functions may also be provided. The communication
element may provide point-to-point and/or point-to-
multipoint communication services.
[0024] The communication element 7, such as a base
station in a cellular network, may be coupled to a network
element 9, such as a network control element of a tele-
communication network. The network control element 9
may, in turn, be formed with a processor, memory, and
other electronic elements (not shown). The network con-
trol element 9 generally provides access to a telecom-
munication network such as a public switched telecom-
munication network ("PSTN"). Access may be provided
using fiber optic, coaxial, twisted pair, microwave com-
munication, or similar communication links coupled to an
appropriate link-terminating element. A communication
element 7 formed as a mobile station is generally a self-
contained device intended to be carried by an end user;
however in areas where wired services are not available
the mobile station may be permanently installed at a fixed
location as well.
[0025] The processor 2 in the communication element
7, which may be implemented with one or a plurality of
processing devices, performs functions associated with
its operation including, without limitation, encoding and
decoding of individual bits forming a communication mes-
sage, formatting of information, and overall control of the
communication element, including processes related to
management of resources. Exemplary functions related
to management of resources include, without limitation,

hardware installation, traffic management, performance
data analysis, tracking of end users and mobile stations,
configuration management, end user administration,
management of the mobile station, management of tar-
iffs, subscriptions, and billing, and the like. The execution
of all or portions of particular functions or processes re-
lated to management of resources may be performed in
equipment separate from and/or coupled to the commu-
nication element, with the results of such functions or
processes communicated for execution to the communi-
cation element. The processor 2 of the communication
element may be of any type suitable to the local applica-
tion environment, and may include one or more of gen-
eral-purpose computers, special-purpose computers,
microprocessors, digital signal processors ("DSPs"), and
processors based on a multi-core processor architecture,
as non-limiting examples.
[0026] The transceiver 4 of the communication ele-
ment 7 modulates information onto a carrier waveform
for transmission by the communication element via the
antenna to another communication element. The trans-
ceiver 4 demodulates information received via the anten-
na for further processing by other communication ele-
ments.
[0027] The memory 6 of the communication element
7, as introduced above, may be of any type suitable to
the local application environment, and may be imple-
mented using any suitable volatile or non-volatile data
storage technology, such as a semiconductor-based
memory device, a magnetic memory device and system,
an optical memory device and system, fixed memory,
and removable memory. The programs stored in the
memory 6 may include program instructions that, when
executed by an associated processor 2, enable the com-
munication element 7 to perform tasks as described here-
in. Exemplary embodiments of the system, subsystems,
and modules as described herein may be implemented,
at least in part, by computer software executable by proc-
essors of, for instance, the mobile station and the base
station, or by hardware, or by combinations thereof. Oth-
er programming may be used such as firmware and/or
state machines. As will become more apparent, systems,
subsystems and modules may be embodied in the com-
munication element 7 as illustrated and described above.
[0028] Figure 3 depicts a block diagram of an embod-
iment of user equipment 5 and a base station 3 construct-
ed according to the principles of the present invention.
The user equipment UE 5 and the base station eNB 3
each include a variety of layers and subsystems: the
physical layer ("PHY") subsystem, a medium access con-
trol layer ("MAC") subsystem, a radio link control layer
("RLC") subsystem, a packet data convergence protocol
layer ("PDCP") subsystem, and a radio resource control
layer ("RRC") subsystem. Additionally, the user equip-
ment 5 and the mobile management entity ("MME") 1
include a non-access stratum ("NAS") subsystem.
[0029] The physical layer subsystem supports the
physical transport of packets over the LTE air interface
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and provides, as non-limiting examples, CRC insertion,
e.g., a 24 bit CRC is a baseline for physical downlink
shared channel ("PDSCH"), channel coding, hybrid asyn-
chronous retransmit request ("HARQ") processing, and
channel interleaving. The physical layer subsystem also
performs scrambling such as transport-channel specific
scrambling on a downlink-shared channel ("DL-SCH"),
broadcast channel ("BCH") and paging channel ("PCH"),
as well as closed multicast channel ("MCH") scrambling
for all cells involved in a specific multimedia broadcast
multicast service single frequency network ("MBSFN")
transmission. The physical layer subsystem also per-
forms signal modulation such as QPSK, 16 QAM and 64
QAM, layer mapping and pre-coding, and mapping to
assigned resources and antenna ports. The media ac-
cess layer or MAC performs the HARQ functionality and
other important functions between the logical transport
layer, or Level 2, and the physical transport layer, or Level
1.
[0030] Each layer is implemented in the system and
may be implemented in a variety of ways. A layer such
as the PHY in the UE 5 may be implemented using hard-
ware, software, programmable hardware, firmware, or a
combination of these as is known in the art. Programma-
ble devices such as DSPs, reduced instruction set
("RISC"), complete instruction set ("CISC"), microproc-
essors, microcontrollers, and the like may be used to
perform the functions of a layer. Reusable design cores
or macros as are provided by vendors as ASIC library
functions, for example, may be created to provide some
or all of the functions and these may be qualified with
various semiconductor foundry providers to make design
of new UEs, or eNode B implementations, faster and eas-
ier to perform in the design and commercial production
of new devices. Figure 4 depicts an example illustrative
environment for application of the embodiments. In Fig-
ure 4, neighboring HeNBs 40, 41, 42 and 43 correspond
to an HeNB #0, #1, #2 and #3 that may interfere with one
another (users connected over an air interface to one of
these stations may experience interference due to the
use of the air interface by user equipment communicating
with another one of these stations). While in the exem-
plary embodiments presented herein for illustrative pur-
poses, the base stations are shown as HeNBs, the em-
bodiments are not so limited and have application in any
communications system where base stations serving a
local area may interfere with neighboring base stations
when channels are added, the embodiments have par-
ticular application to systems using femtocells, HeNBs,
microcells and the like. In future developments a UE may
be configured to act as a base station or HeNB itself,
allowing local devices to access the network using the
UE as the eNB, and in this case the UE is a master device
with all of the features of the HeNB described above.
[0031] In Figure 4, user equipments ("UEs") 51 are
communicating with and serviced by HeNB #0, number
40 in the figure. UE 53 is one of the UEs communicating
with HeNB#1, number 41 in the figure. Similarly, UE 55

is communicating with HeNB#3, number 43 in the figure,
and UE 57 is communicating with HeNB#2, numbered
42 in the figure.
[0032] In this non-limiting example application illustrat-
ing the embodiments, HeNB#0 wants to add a channel
"c" to add capacity for service in its local cell. Adding this
channel will cause interference in the remaining cells
served by HeNB#1, HeNB#2, and HeNB#3 if the same
channel is in use in those cells. The figure illustrates mes-
sages between the UEs and the associated HeNB in each
of the cell areas, and communication between the
HeNBs, as will be further described below.
[0033] Embodiments of the present invention provide
alternative algorithms, methods and implementations for
providing carrier aggregation for HeNBs or similar local
area base station equipment in a radio frequency sign-
aling system. These base stations are typically used to
add cellular services to a building, home, office, campus
or other small local area where users with similar needs
for services may congregate. Typically, these base sta-
tions, sometimes called "femto-cells", are designed to
serve user equipments in a limited physical area; for ex-
ample, a service local area with a radius of 30 or 50 me-
ters. In the local area the user equipments will often have
a common resource allocation, that is, a "whitelist" or
"closed subscriber group" may be used to decide which
UEs can connect to the base station. As one non-limiting
example, members of a household may permanently reg-
ister their UEs with the HeNB for their home, so that the
base station knows these devices and allows access,
while UEs that happen to be in physical proximity that
are not part of the group are not allowed to connect to
the HeNB. However, due to the proximity of multiple ones
of such devices with respect to each other, interference
between channels used by one such device and the
neighboring cells will occur.
[0034] Embodiments of the present invention provide
methods and apparatuses for facilitating a distributed
channel assignment scheme for local area base station
environments. In the embodiments, when an HeNB (for
example) attempts to add a new channel to its services,
it causes interference to neighboring cells where the
channel is already in use. In the embodiments, the HeNB
trying to add the new channel will measure the average
capacity gain estimated for its own cell UEs, and then
compare the gain with the capacity loss reported from
the neighboring HeNBs when the new channel is added.
A loss report is generated, which contains the capacity
loss by the UE experiencing the worst channel conditions
in each of the neighboring cell(s). In an embodiment, if
the capacity gain experienced by the HeNBs own UEs
is greater than the summed capacity loss experienced
by UEs in neighboring cells, the channel is added. Other
predetermined thresholds or decision points could be
used as alternatives to the simple "greater than" thresh-
old for the decision. In an example embodiment, the
number of neighbor cells to be considered can be limited
to a certain number. The gain and loss measurements
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can be averaged, scaled by a certain factor, or otherwise
evaluated. The "sums" for gains and losses as used in
this description need not be limited to a simple arithmetic
sum, as alternatives contemplated as additional embod-
iments, weighting or scaling factors may be used, or
some other arithmetic or statistical factors may be ap-
plied, so that additional considerations may be taken into
account. These alternatives may allow for faster calcu-
lation or for additional information to be included without
treating each UE in each neighbor cell individually. In any
event, if the gain accomplished gives better performance
than the losses due to the added channel, the new chan-
nel is added or retained. But, in contrast, if the gain is
less than the capacity loss experienced in neighboring
cells, the new channel is not added, or is dropped. Thus,
the channel is only added by the HeNB in the example
application if the overall system capacity is increased; if
not, then the new channel is dropped.
[0035] Returning to Figure 4, which depicts an exem-
plary system for use with the embodiments, the example
situation is depicted. In Figure 4, HeNB#0, numbered 40,
desires to add a new channel ’c’ to its cell. The UEs 51
attached to and serviced by this HeNB then report the
increased capacity gain to HeNB#0. The increase in ca-
pacity can be estimated, for example, by channel quality
indicators reported by the UE for the new channel ’c’.
After the new channel is added, each of the neighboring
base stations HeNB#1, HeNB#2 and HeNB#3, num-
bered 41, 42 and 43 respectively, also receive/ask for
reports from their connected UEs of the interference ex-
perienced due to the new use of channel ’c’ by HeNB#0,
or receive a channel quality indicator feedback. The
HeNBs#l, #2 and #3 in each case generate a loss report
that is communicated back to HeNB#0. By comparing
the feedback with the reported channel quality indicators
that were received before HeNB#0 added the channel,
HeNBs#1, #2 and #3 can estimate the loss in capacity.
Then HeNB#0 may compare the gain in capacity by its
UEs due to the new channel to the loss in capacity in the
neighboring cells, and determine whether the gain is
greater than the loss. In alternative embodiments, in-
stead of comparing gain and loss in capacity, the increase
or decrease in SINR can be compared in the cell serviced
by HeNB#0 due to the added channel to the SINR in the
neighboring cells, or a look up table containing channel
quality indicator information, SINR information, or loss
reports previously stored may be used.
[0036] In embodiments implementing the methods of
the invention, the average capacity increase of cell users
served by the HeNB that intends to add the channel is
compared with the loss of capacity experienced by the
"J" worst users in the interfered neighboring cells. The
number of neighboring cells to be considered can be lim-
ited to make the necessary calculations reasonable, so
that the time required is kept short and system resources
are not overburdened. Using the worst users in the neigh-
boring cells for the capacity loss estimate emphasizes
the performance of heavy interfered users and should

ensure that they are do not experience a service outage.
The sum or other selected measure of the losses expe-
rienced by the user experiencing the worst channel con-
ditions in the newly added channel in the neighboring
cells is used in certain embodiments. In certain embod-
iments the ’J’ users experiencing the highest capacity
loss are considered. This sum or other loss measure is
compared with the capacity gain experienced by users
of the HeNB adding the channel, and a comparison is
used in the decision making process that decides wheth-
er to add the channel. In order to make the comparison,
communication between HeNBs is performed. This can
be done through the network, by a network manager, or
in some instances, over the air interface directly or re-
layed by user equipments.
[0037] In an exemplary method embodiment, the
channel quality indicator estimates used are measured
by UEs before, and again after, the new channel is added.
The channel quality indicator ("CQI") can be an SINR
estimate, a RSRQ or similar. The CQI estimates are sent
back to the HeNBs. The HeNBs estimate the capacity
loss based on the CQI reported on each of the channels
for all the UEs. The average gain value is also estimated
based on similar measurements reported by UEs for the
particular HeNB trying to add the channel. Based on a
comparison of the capacity gained by the particular HeNB
to the capacity lost by the neighboring cells, a decision
is made on whether to keep the added channel.
[0038] In Figure 5, a method embodiment is illustrated
as a flow chart. In step 61, a determination is made that
an additional channel is desired by an HeNB. In this ex-
ample, HeNB#0 desires to add a channel, channel ’c’ is
used as an non-limiting example. In step 63, UEs linked
to the neighboring HeNBs are asked to report interfer-
ence experienced on the channel being added. In step
65, the HeNB adds the new channel ’c’. Further, the UEs
and HeNB#0 estimate the average capacity gained by
adding the new channel.
[0039] The method then transitions to step 67. In step
67, the UEs connected to each of the neighboring HeNBs,
#1-#3, detect the increase in interference experienced
on channel ’c’. In step 69, the neighboring HeNBs, #1-#3
in Figure 4 for example, estimate the loss in capacity for
the worst user based on the new and old CQI values,
and this loss report is sent to HeNB#0. In step 71, a de-
cision is made by HeNB#0 based on the comparison of
the gain in capacity for users in its own cell area, to the
loss of capacity for the neighboring cells. In this example,
if the gain is greater than the loss, the method transitions
to step 73 and the channel is added by HeNB#0. If the
loss by the neighboring cells is greater than the gain,
then the channel is dropped in step 75. As alternatives
in step 71, some margin or threshold other than a simple
comparison could be used in the decision block. Also,
the decision could be made not by the HeNB#0, but by
a network manager such as an MME, based on receiving
the reports from the HeNBs.
[0040] As an alternative approach, in step 69 in Figure
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5, different users are considered other than the worst
user in the neighboring cells. In this alternative embodi-
ment, the worst user loss in the neighboring cell is used
if and only if the newly added channel was the best chan-
nel for that worst user before the assignment was done.
If the newly added channel was not the best channel for
the worst user in the neighboring cell, then the worst user
loss is ignored, and instead the second worst user loss
is reported by the neighboring cells. Since the channel
being added in the neighboring cell was not the best
channel for that worst user, the scheduler will not in fact
schedule that channel for that user. Thus, ignoring the
impact on that user of adding the new channel will not
cause any impact on the capacity for that user. Instead,
the second worst user is evaluated. Please note that in-
stead of a single worst user, the algorithm might consider
a set of worst users with highest capacity loss on the
channel or worst overall CQI estimate. Further, the sec-
ond worst user may be a set of second worst users. The
loss and gain of users may be averaged, normalized or
scaled.
[0041] A study was made for the embodiments de-
scribed above and the approaches were compared with
the known prior ACCS proposal described above. The
results were that the embodiments had results a bit better
than that of the ACCS approach without the need for a
priori knowledge of the target SINR values. This aspect
of the embodiments provides a simpler implementation
and faster performance than would be obtained using
the ACCS scheme.
[0042] The scenario used for study of the embodi-
ments is close to the ’extended’ scenario defined in the
papers incorporated above, but with lower values of
spectral efficiency and antenna gains. In Figure 6, the
user throughput cumulative distribution function ("CDF")
curves are compared to a Reuse-1 normalized scheme.
In Figure 7, the mean throughput for each scheme is
again compared to a Reuse-1 which is normalized.
[0043] As described in the papers, ACCS gives 4 times
the 5th percentile throughput compared to Reuse-1 with
almost no loss in mean throughput value. For the em-
bodiment where the "worst user" is used for the loss re-
ports to compare the gain to, labeled curve D/F/1, as
shown in Figure 6, gives 4.5 times the 5th percentile
throughput of Reuse-1 with a loss of only 5% in the mean
throughput value (also labeled D/F/1, shown in Figure
7). For the alternative embodiment where the "second
worst" user may be used if the "worst user" would not be
assigned the newly added channel, labeled curve D/F/2,
this embodiment gives 4 times the 5th percentile through-
put (Figure 6) with a 4% gain in the mean throughput
value, as shown in Figure 7.
[0044] The performance of the embodiments is at par
with the prior ACCS approach, with lower system com-
plexity, lesser amount of statistical data collection re-
quired for decision-making and without the assumption
of any a priori knowledge of target SINR values. This
makes the system utilizing the embodiments much sim-

pler to implement, lower in cost, and keeps the decision
making process fast.
[0045] The study also compared the embodiments to
a centralized greedy (C/G) scheme. This centralized ap-
proach assumes the presence of a centralized entity that
makes channel assignment which maximizes the mean
throughput in each building. A centralized fair (C/F)
scheme is also studied in which the centralized entity
goes for a channel allocation which maximizes the
throughput of the worst user in each cell in a building.
The curves labeled C/G and C/F in each of Figures 6 and
7 present the results. This comparison is helpful to com-
pare the lower percentile and mean throughput values
of the embodiments to a centralized entity approach. In
Figure 6, it can be seen that the 5th percentile throughput
value of the embodiments, curves labeled D/F/1 and D/F/
2, is at par with the centralized C/F scheme. From Figure
7 it can be seen that the embodiment curve D/F/1 has a
slight loss of around 6% as compared to the centralized
greedy scheme labeled C/G, whereas the alternative em-
bodiment labeled D/F/2 gives mean throughput value
slightly better than C/G. From the study results the dis-
tributed schemes of the embodiments have a perform-
ance very close to the centralized ones, but at a lower
cost of implementation.
[0046] The embodiments may be implemented as
hardware, software, firmware, or combinations of these.
For programmable receivers having a processor, micro-
processor or the like that is capable of implementing
steps of a method stored as computer instructions, the
embodiments may be provided as executable code
stored in a machine readable form.
[0047] Although the description thus far describes, for
illustrative purposes, the use of the embodiments in
HeNBs, the embodiments may be applied to any appli-
cation where aggregating carriers in base stations serv-
ing local areas that may have interference with neighbor-
ing base stations is applicable.
[0048] In an embodiment, a method comprises: deter-
mining in a base station servicing user equipments in a
local area in an over the air interface for communications
at a radio frequency that an additional channel is needed,
receiving reports from user equipment connected to the
base station over the air interface indicating the gain in
capacity that would occur due to the added channel, add-
ing the new channel and communicating to one or more
user equipments over the new channel; receiving loss
reports from one or more neighboring base stations in-
dicating the loss in capacity and the interference caused
to user equipments serviced by the neighboring base sta-
tions due to the use of the new channel; comparing the
gain in capacity by the user equipments connected to the
base station to the loss of capacity by the user equip-
ments connected to the neighboring base stations due
to the added channel; and based on the comparison,
determining whether to continue to add the channel to
increase capacity. In a further embodiment, the above
method steps are performed wherein the determining is
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based on whether the added capacity is greater than the
sum of the lost capacity from each of the neighboring
cells user equipments with the highest loss reports.
[0049] In another embodiment, an apparatus compris-
es at least one processor; and at least one memory in-
cluding computer program code, the at least one memory
and the computer program code configured to, with the
at least one processor, cause the apparatus at least to
perform determining that an additional channel is needed
for a base station servicing user equipments over an air
interface in a local area, receiving reports from user
equipment connected to the base station over the air in-
terface indicating the gain in capacity that would occur
due to the added channel, adding the new channel and
communicating to one or more of the user equipments
over the new channel; receiving loss reports from one or
more neighboring base stations each servicing a local
area indicating the loss in capacity and the interference
caused to user equipments serviced by the neighboring
base stations due to the use of the new channel; com-
paring the gain in capacity by the user equipments con-
nected to the base station to the loss of capacity by the
worst user connected to the neighboring base stations
due to the use of the newly added channel; and based
on the comparison, determining whether to continue to
add the channel to increase capacity. In a further em-
bodiment, the at least one processor; and at least one
memory including computer program code, the at least
one memory and the computer program code configured
to, with the at least one processor, cause the apparatus
at least to perform the above steps wherein the deter-
mining is based on whether the added capacity is greater
than the sum of the lost capacity from each of the neigh-
boring cells worst user reports.
[0050] In yet another embodiment, a computer pro-
gram product is provided comprising a program code
stored in a tangible form in a computer readable medium,
configured to cause an apparatus comprising at least one
processor and at least one memory to at least perform:
determining that an additional channel is needed for a
base station servicing user equipments over an air inter-
face in a local area, receiving reports from user equip-
ment connected to the base station over the air interface
indicating the gain in capacity that would occur due to
the added channel, adding the new channel and com-
municating to one or more of the user equipments over
the new channel; receiving loss reports from one or more
neighboring base stations each servicing a local area
indicating the loss in capacity and the interference
caused to user equipments serviced by the neighboring
base stations due to the use of the new channel; com-
paring the gain in capacity by the user equipments con-
nected to the base station to the loss of capacity by the
worst user connected to the neighboring base stations
due to the use of the newly added channel; and based
on the comparison, determining whether to continue to
add the channel to increase capacity. In a further em-
bodiment, the computer program code, computer pro-

gram code is further configured to, with the at least one
processor, cause the apparatus at least to perform the
above steps wherein the determining is based on wheth-
er the added capacity is greater than the sum of the lost
capacity from each of the neighboring cells worst user
reports.
[0051] In a further embodiment, a method comprises:
determining in a base station servicing a local area in an
over the air interface for communications at a radio fre-
quency that an additional channel is needed, receiving
reports from user equipment connected to the base sta-
tion over the air interface indicating the gain in capacity
that would occur due to the added channel, adding the
new channel and communicating to one or more user
equipments over the new channel; receiving loss reports
from one or more neighboring base stations indicating
the loss in capacity and the interference caused to user
equipments serviced by the neighboring base stations
due to the use of the new channel; comparing the gain
in capacity by the user equipments connected to the base
station to the loss of capacity by the worst user connected
to the neighboring base stations due to the added chan-
nel if the worst user is likely to use the added channel,
otherwise the loss of capacity in each of the neighboring
base stations is determined using the second worst user
connected to the neighboring base station; and, based
on the comparison, determining whether to continue to
add the channel to increase capacity. In a further em-
bodiment, the above method steps are performed where-
in the determining is based on whether the added capac-
ity is greater than the sum of the lost capacity from each
of the neighboring cells worst user reports.
[0052] In another embodiment, an apparatus compris-
es at least one processor; and at least one memory in-
cluding computer program code, the at least one memory
and the computer program code configured to, with the
at least one processor, cause the apparatus at least to
perform determining in a base station servicing user
equipments in a local area in an over the air interface for
communications at a radio frequency that an additional
channel is needed, receiving reports from user equip-
ment connected to the base station over the air interface
indicating the gain in capacity that would occur due to
the added channel, adding the new channel and com-
municating to one or more user equipments over the new
channel; receiving loss reports from one or more neigh-
boring base stations indicating the loss in capacity and
the interference caused to user equipments serviced by
the neighboring base stations due to the use of the new
channel; comparing the gain in capacity by the user
equipments connected to the base station to the loss of
capacity by the set of users with the highest loss in ca-
pacity connected to the neighboring base stations due
to the added channel if the added channel was part of
the best set of channels for one or more of this set of
users, otherwise the loss of capacity in each of the neigh-
boring base stations is determined using the set of sec-
ond worst users connected to the neighboring base sta-
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tion; and, based on the comparison, determining whether
to continue to add the channel to increase capacity.
[0053] In another embodiment, a method comprises:
determining in a base station servicing a plurality of user
equipments in a local area in an over the air interface for
communications at a radio frequency that an additional
channel is needed, receiving reports from user equip-
ment connected to the base station over the air interface
indicating the gain in capacity that would occur due to
the added channel, adding the new channel and com-
municating to one or more user equipments over the new
channel; receiving loss reports from one or more neigh-
boring base stations indicating the loss in capacity and
the interference caused to user equipments serviced by
the neighboring base stations due to the use of the new
channel; comparing the gain in capacity by the user
equipments connected to the base station to the loss of
capacity by the worst user equipments obtained by av-
eraging the loss suffered by a selected set of user equip-
ments, considering changes in CQI, alternatively consid-
ering changes in SINR and or other interference or re-
ception indicators. The averaged loss may be compared
to a threshold, to the gain in the cell serviced by the UE
adding the channel, or to other criteria. The method con-
tinues by determining whether to continue to add the
channel to increase capacity based on the comparison,
if the gain exceeds a criteria over the averaged loss ex-
perienced due to the added interference, the added chan-
nel is retained; otherwise, it is not.
[0054] In another embodiment, a method comprises:
determining in a base station servicing a local area in an
over the air interface for communications at a radio fre-
quency that an additional channel is needed, receiving
reports from user equipment connected to the base sta-
tion over the air interface indicating the gain in capacity
that would occur due to the added channel, adding the
new channel and communicating to one or more user
equipments over the new channel; receiving loss reports
from one or more neighboring base stations indicating
the loss in capacity and the interference caused to user
equipments serviced by the neighboring base stations
due to the use of the new channel; comparing the gain
in capacity by the user equipments connected to the base
station to the loss of capacity by the worst user equip-
ments obtained by averaging the loss suffered by a se-
lected set of user equipments, considering changes in
CQI, alternatively considering changes in SINR and or
other interference or reception indicators. The averaged
loss may be compared to a threshold, to the gain in the
cell serviced by the UE adding the channel, or to other
criteria. In addition the worst user, each user, or some
selected users in each cell are checked to ensure a min-
imum SINR is obtained after the newly added channel is
used. This ensures that the added channel will not reduce
SINR in a neighboring cell to a level below a minimum
required SINR for acceptable communication. The then
method continues by determining whether to continue to
add the channel to increase capacity based on the com-

parison, if the gain exceeds a criteria over the averaged
loss experienced due to the added interference, and the
minimum SINRs are met in the neighboring cells, the
added channel is retained; otherwise, it is not.
[0055] Although various embodiments of the present
invention and its advantages have been described in de-
tail, it should be understood that various changes, sub-
stitutions and alterations can be made herein without de-
parting from the spirit and scope of the invention as de-
fined by the appended claims.
[0056] Moreover, the scope of the present application
is not intended to be limited to the particular embodiments
of the process, machine, manufacture, and composition
of matter, or means, methods and steps described in the
specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or
later to be developed, that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be
utilized according to the present invention. Accordingly,
the appended claims are intended to include within their
scope such processes, machines, manufacture, compo-
sitions of matter, means, methods, or steps.

Claims

1. A method, comprising:

determining in a base station servicing a local
area that an additional channel is needed;
receiving a report from a user equipment con-
nected to the base station over an air interface
indicating a gain in capacity that would occur
due to the additional channel;
adding a new channel;
receiving a loss report from one or more neigh-
boring base stations indicating a loss in capacity
of, or interference caused to at least one user
equipment serviced by, the neighboring base
stations;
comparing the gain in capacity to the loss in ca-
pacity of, or interference caused to, the at least
one user equipment; and
determining whether, based on the comparison,
to continue to add the new channel to increase
capacity.

2. The method according to claim 1, wherein the deter-
mining is performed in at least one of a base station,
home enhanced base station, or a user equipment
acting as a base station.

3. The method according to any one of claims 1-2,
wherein the receiving the report comprises receiving
at least one of a recent measurement report from
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the user equipment, report regarding at least one
channel other than the added channel, or report re-
garding the added channel.

4. The method according to any one of claims 1-3, fur-
ther comprising:

communicating to one or more user equipment
over the new channel.

5. The method according to any one of claims 1-4,
wherein the comparing the gain comprises compar-
ing the gain to the loss of capacity due to the added
channel by at least one of a worst user equipment
connected to the neighboring base stations.

6. The method according to any one of claims 1-5,
wherein the comparing the gain further comprises
comparing the gain to a threshold.

7. The method according to any one of claims 1-6, fur-
ther comprising:

continuing to add the new channel when the gain
is greater than the loss.

8. An apparatus, comprising:

at least one processor; and
at least one memory including computer pro-
gram code,
wherein the at least one memory and the com-
puter program code are configured to, with the
at least one processor, cause the apparatus at
least to
determine in a base station servicing a local area
that an additional channel is needed,
process a report received from a user equipment
connected to the base station over an air inter-
face indicating a gain in capacity that would oc-
cur due to the additional channel,
add a new channel,
process a loss report received from one or more
neighboring base stations indicating a loss in
capacity of, or interference caused to at least
one user equipment serviced by, the neighbor-
ing base stations,
compare the gain in capacity to the loss in ca-
pacity of, or interference caused to, the at least
one user equipment, and
determine whether, based on the comparison,
to continue to add the new channel to increase
capacity.

9. The apparatus according to claims 8, wherein the at
least one memory and the computer program code
are configured to, with the at least one processor,
cause the apparatus to process the report by

processing at least one of a recent measurement
report from the user equipment, a report regarding
at least one channel other than the added channel,
or processing a report regarding the added channel.

10. The apparatus according to any one of claims 8-9,
wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause the apparatus at least to commu-
nicate to one or more user equipment over the new
channel.

11. The apparatus according to any one of claims 8-10,
wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause the apparatus at least to process
the loss reports by processing loss reports indicating
the loss in capacity of, or interference caused to at
least one user equipment serviced by, the neighbor-
ing base stations due to the use of the new channel.

12. The apparatus according to any one of claims 8-11,
wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause the apparatus at least to compare
the gain by comparing the gain to the loss of capacity
due to the added channel by a worst user equipment
connected to the neighboring base stations.

13. The apparatus according to any one of claims 8-12,
wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause the apparatus at least to compare
the gain by comparing the gain to a threshold.

14. The apparatus according to any one of claims 8-13,
wherein the at least one memory and the computer
program code are configured to, with the at least one
processor, cause the apparatus at least to continue
to add the new channel when the gain is greater than
the loss.

15. The apparatus according to any one of claims 8-14,
wherein the base station comprises at least one of
a base station, home enhanced base station, or a
user equipment acting as a base station.
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